Objectives/Hypothesis: A reliable estimate of survival is important as it may impact treatment choice. The objective of this study is to identify serum autoantibody biomarkers that can be used to improve prognostication for patients affected with head and neck squamous cell carcinoma (HNSCC).
INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is a devastating disease that afflicts approximately 49,260 Americans per year. 1 Worldwide, HNSCC is the sixth most common malignancy, with an incidence rate of 644,000 new cases a year. 2 Despite progress in diagnostic and treatment modalities in the past 30 years, long-term survival for patients affected by HNSCC has not significantly improved. 3 In the United States, approximately 16,320 Americans will die from this disease each year. 1 A reliable estimate of survival is important in clinical practice not only for patient counseling, but it may also impact the treating physicians' choice of therapy. Current available prognostic factors, such as tumornode-metastasis (TNM) staging, provide only rough estimation of overall survival. 4 Despite this imprecision, a major determinant of the aggressiveness of recommended treatment (single modality vs. multimodality) is often based on this TNM staging system. Other prognostic factors, such as surgical margin status, perineural and angiolymphatic invasion, number of lymph nodes involved, and extracapsular spread, have been shown to be helpful in guiding the aggressiveness of postoperative Additional supporting information may be found in the online version of this article. adjuvant therapy (radiation alone vs. chemoradiation). 5, 6 However, in this era of organ preservation, tissue specimens needed to assess these histopathologic factors is often not readily available. Recently, human papillomavirus (HPV) has received a significant amount of attention as a potential prognostic marker of improved outcome. 7 Because of this prognostic information, several studies are investigating approaches to decrease the aggressiveness of treatment in patients with HPV-associated HNSCC to reduce treatment toxicity. [8] [9] [10] The prognostic significance of other markers, such as p53 and epidermal growth factor receptor, are less clear, with some studies demonstrating an association with worse survival, 11, 12 whereas others showed no correlation. 13, 14 Autoantibodies against cancer-specific antigens have been identified in cancers of the colon, 15 breast, 16 lung, 17 ovary, 18 prostate, 19 and head and neck. 20 The immune response with antibody production can be elicited due to the overexpression of cellular proteins 21 such as HER-2/ neu, 22 the expression of mutated forms of cellular protein such as mutated p53, 23 or the aberrant expression of tissue-restricted gene products such as cancer-testis antigens 24 by cancer cells. Because these autoantibodies are raised against these specific antigens from the cancer cells, the detection of these antibodies in patients' sera can be exploited for cancer diagnosis and prognosis in these patients. Thus, the use of immune response as a biosensor through a serum-based assay holds great potential as an ideal diagnostic and prognostic tool.
A panel of 130 serum markers was previously selected for cancer detection using microarray-based serological profiling and specialized bioinformatics. This panel of markers was able to detect cancer with an accuracy of 84.9% (sensitivity of 79.8% and specificity of 90.1%) based on its reactivity profile with serum antibodies in patients. 25 Although not originally selected or intended as prognostic markers, six of these 130 biomarkers were identified as potentially useful prognostic biomarkers in a cohort of 119 HNSCC patients followed for up to 12.7 years in this study.
MATERIALS AND METHODS

Serum Samples
Blood samples from HNSCC patients, recruited from the otolaryngology-head and neck surgery clinic population, were obtained after informed consent. All enrolled HNSCC patients have cancer confirmed on pathology. Ten milliliters of peripheral blood were collected into red-top Vacutainers (Becton, Dickinson and Co., Franklin Lakes, NJ) without anticoagulant using standardized phlebotomy procedures. These samples were allowed to clot for 20 to 30 minutes at room temperature and then centrifuged at 2,500 rpm at 4 C for 15 minutes. The supernatants or sera were immediately aliquoted and stored in a 270 C freezer. This study was conducted under protocols approved by the Human Investigation Committee (HIC #121802MP4E).
Serum Biomarkers
A panel of 130 serum markers was previously selected for cancer detection using microarray-based serological profiling and specialized bioinformatics. 25 This panel of markers was able to detect cancer with an accuracy of 84.9% based on its reactivity profile with serum antibodies in patients. 25 Although not originally selected or intended as prognostic markers, these 130 markers were evaluated for their potential as prognostic biomarkers in this study.
Protein Microarray Immunoreaction
A total of 1,021 clones, including the 130 markers described above, were printed in replicates of five onto FAST slides (Schleicher & Schuell/Whatman, Keene, NH) using a robotic microarrayer Prosys 5510TL (Cartesian Technologies, Irvine, CA) with 32 Micro-Spotting Pins (TeleChem, Sunnyvale, CA). Protein microarrays were incubated with primary antibodies consisting of human serum at a dilution of 1:300 in phosphate-buffered saline, mouse anti-T7 capsid antibodies (0.15 lg/mL) (EMD Biosciences, Madison, WI), and BL21 Escherichia coli cell lysates (5 lg/mL). The microarrays were then washed and incubated with AlexaFluor647 (red fluorescent dye)-labeled goat anti-human immunoglobulin (Ig) G antibodies (1 lg/mL) and AlexaFluor532 (green fluorescent dye)-labeled goat anti-mouse IgG antibodies (0.05 lg/mL) (Molecular Probes, Eugene, OR) for 1 hour in the dark. Finally, the microarrays were washed and air dried.
Data Acquisition and Preprocessing
Following immunoreaction, the microarrays were scanned using the GenePix 4100A scanner (Axon Laboratories, Palo Alto, CA) using 635 nm and 532 nm lasers to produce a red (AlexaFluor647) and green (AlexaFluor532) composite image. Using the ImaGene 6.0 (Biodiscovery, Inc., Marina Del Rey, CA) image analysis software, the binding of each of the cancerspecific peptides with IgGs in each serum was then analyzed and expressed as a ratio of red-to-green fluorescent intensities. The microarray data were further read into the R environment (v2.3.0; R Foundation for Statistical Computing, Vienna, Austria) 26 and processed by a sequence of transformations including background correction, omission of poor quality spots, base 2 log-transformation, LOESS (LOcal regrESSion)-based global normalization, and combining spot replicates into a single value for each marker. Specialized bioconductor (www.bioconductor. org) libraries such as limma 27 were used to this end.
Sequencing of Phage cDNA Clones
Individual phage clones were polymerase chain reaction amplified using forward primer 5 0 -GTTCTATCCGCAACGTTAT GG-3 0 and reverse primer 5 0 -GGAGGAAAGTCGTTTTTTGGGG-3 0 and sequenced using forward primer by Wayne State University Sequencing Core Facility.
Statistical Analysis
A biomarker was considered positive if its reactivity to the particular patient's serum was greater than one standard deviation above the mean reactivity to sera from the other 118 patients, using leave-one-out cross-validation method. Association between biomarker immunoreactivity and conventional prognostic factors was evaluated using Pearson v 2 tests. Survival was defined as the time from study entry and diagnosis to death. Survival curves, based on whether the biomarker is reactive or nonreactive to the sera from these 119 patients, were estimated according to the Kaplan-Meier method, and statistically significant differences in survival were examined using the log-rank test. Significant prognostic markers identified by log-rank 
RESULTS
Patient Characteristics
A total of 119 HNSCC patients were followed for a period ranging from 1.2 months to 152.9 months, with a median of 30.5 months. The follow-up period is defined as from time of diagnosis to time of death or last follow-up. The age at diagnosis ranged from 26 to 82 years, with median of 59 years. The primary tumor site was unknown in nine patients (7.6%), esophagus in three (2.5%), glottis in 21 (17.6%), supraglottis in 18 (15.1%), oral cavity in 25 (21.0%), nasopharynx in five (4.2%), oropharynx in 26 (21.8%), and hypopharynx in 12 (10.1%). There were 22 (18.5%) early-stage, 88 (73.9%) late-stage, and nine (7.6%) recurrent-stage patients. A majority of the patients were African American (57.1%) and male (79.02%). Treatment consisted of chemoradiation in 50 patients (42.0%), surgery followed by chemoradiation in 47 (39.5%), surgery alone in 11 (9.2%), and radiation alone in 11 (9.2%) ( Table I) .
Overall Survival Based on Immunoreactivity of Markers
Conventional prognostic factors, such as race and staging (early primary vs. late primary vs. recurrent), were found to correlate with overall survival in this study population (Fig. 1 ). Poor overall survival was associated with African American (hazard ratio for death, 2.61; 95% confidence interval [CI]: 1.58-4.33; P 5.000), advanced stage (hazard ratio, 2.79; 95% CI: 1.40-5.57; P 5.004), and recurrent disease (hazard ratio, 6.66; 95% CI: 2.54-17.44; P 5.000) (Table I) .
Survival curves, based on whether the biomarker was reactive or nonreactive to the sera from these 119 patients, were estimated according to the Kaplan-Meier method. Proportional hazards models were used to assess the univariate prognostic significance of tumor markers on overall survival. Of the 130 biomarkers Fig. 1 . Kaplan-Meier survival curve as a function of race and staging (early primary versus late primary versus recurrent). Statistically significant worse overall survival was associated with African American (P 5.000) and advanced and recurrent stage (P 5.000).
[Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.] analyzed, increased immunoreactivity was associated with significantly worse survival (hazard ratios ranging from 1.76 to 2.82; P 5.002 to .047) in 10 biomarkers (10_C3, 6_G11, 10_G12, 8_G3, 5_C3, 11_C3, 9_C2, 5_G4 , 8_G8, and 9_H7) and associated with significantly better prognosis in two biomarkers (hazard ratio, 0.47; 95% CI: 0.23-0.96; P 5.038 for 2_H3 and hazard ratio, 0.47; 95% CI: 0.24-0.96; P 5.037 for 1_G8) (Table I ). Using Pearson v 2 analysis, four of these 10 newly identified biomarkers correlated significantly with race (8_G3, 2_H3, 1_G8, and 9_H7), and two correlated significantly with stages (10_C3 and 11_C3). Biomarkers 8_G3 and 9_H7, which predict worse survival, were associated with African American. On the other hand, biomarkers 2_H3 and 1_G8 were associated with Caucasians, and they predicted better survival. In multivariable Cox analysis adjusted for covariates (race and stage), only six (10_C3, 6_G11, 10_G12, 9_C2, 5_G4, and 8_G8) of the 12 biomarkers were found to be independent prognostic markers of overall survival (Table II and Fig. 2 ). Thus, independent of stage or race, the presence of serum antibodies reactive to any of these six antigen biomarkers, as compared with the absence of reactive antibodies, increased the hazard ratio for death in these patients between two-to three-fold (Table II) .
Characterization of the Panel of Promising Prognostic Biomarkers
The panel of 130 markers were sequenced and analyzed for homology to mRNA and genomic entries in the GenBank databases using BLASTn. The predicted amino acids in-frame with the phage T7 gene 10 capsid protein were determined. Of the 12 biomarkers identified in this study, there was one clone (10_G12) that contained known gene products in the reading frame of the T7 gene 10 capsid proteins, and the remaining 11 clones contained peptides that were different from the original proteins coded by the inserted gene fragments. This occurred because the inserted gene fragments were out of frame with the open reading frame of the T7 10B gene, represented untranslated region of known genes, or contained sequences from unknown genes. It is likely that the recombinant gene products of these clones mimic some other natural antigens, and therefore can be termed mimotopes. 18, 28 It is also possible that some of these products may represent cancer antigens produced as result of altered reading frame or alternative splicing. [29] [30] [31] BLASTp search of the SWISS-PROT database for homology to each in-frame mimotope revealed that many of these gene products mimic known cancer proteins and as such represented putative tumor antigens (Supplemental Table 1 ).
DISCUSSION
Reliable estimate of survival is important in clinical practice, as it may impact the choice of treatment to maximize effectiveness and minimize toxicity. Currently, TNM staging of the disease, which provides only a rough estimation of overall survival, is one of the most important factors that physicians take into consideration when recommending treatment options. Other prognostic factors, such as surgical margin status, extracapsular spread, number of positive lymph nodes, perineural and angiolymphatic invasion, can also help guide the aggressiveness of therapy. 5, 6 However, information with regard to these histopathologic factors is only available if surgical resection was undertaken.
With the increasing use of nonsurgical treatment for head and neck cancer in many centers, surgical specimen is often not readily available for this histopathologic analysis. Because surgical resection was not part of the overall treatment plan in the majority of patients in this current study, these histopathologic factors were not available for majority of the patients in this study and were not included in the analysis as known prognostic factors. Further, because our center did not start collecting information on HPV status until about 2 years ago, we also did not have this information for analysis. This is clearly a limitation of this current study. Nonetheless, the advantage of a serum-based assay for prognostication is obvious. This prognostic information can be obtained without the need for expensive diagnostic imaging (required in most cases for accurate TNM staging) or the acquisition of a surgical specimen (required for histopathologic analysis). More importantly, the main utility of a serum-based prognostic assay may lie in the potential to improve the accuracy of prognostic estimation when combined with the currently available prognostic factors. In this study, using Epitomics (Burlingame, CA) technology, 32, 33 based on a combination of high throughput antigen selection using microarray-based serological profiling and specialized bioinformatics, 12 biomarkers were identified as potentially promising candidates for prognostic applications in patients with HNSCC. After adjusting for known prognostic factors such as race and TNM staging, only six of the 12 biomarkers were found to be independent prognostic markers of overall survival. That is, the presence of serum antibodies reactive to any of these six biomarkers, as compared with the absence of such reactive antibodies, increased the patient's likelihood of death by two-to three-fold, independent of race or stage. Because the presence of advanced stage also increased the likelihood of death by two-to three-fold, each of these six markers actually has the same predictive power as the TNM staging system. Unlike the histopathologic variables mentioned earlier, the serum-based biomarkers are readily available irrespective of the type of treatment used and hold great potential as an ideal prognostic tool.
Of the six independent biomarkers identified in this study, five of them represented mimotopes, and only one (10_G12) represented a portion of a known protein C10. The functional significance of the gene (C12orf57) that codes for protein C10 is currently unknown. However, this gene is located at the CD4 locus of human chromosome 12p13, where it is clustered with genes that possess diverse expression patterns and functions, such as signal transduction, glycolysis, regulation of cell proliferation, and ubiquitin-dependent proteolysis. 34, 35 The other five biomarkers represented mimotopes, because they contained peptides that were different from the original proteins coded by the inserted gene fragments. However, BLASTp search of the SWISS-PROT database for homology to each inframe mimotope revealed that many of these gene products contain regions of partial homology to known cancer proteins, such as serologically defined colon cancer antigen 33 variant, ovarian cancer-related tumor marker CA125, retinoblastoma-associated factor 600, rhabdomyosarcoma antigen MU-RMS, and v-fos transformation effector protein.
We do acknowledge several limitations including a short follow-up and small number of patients in this study. These limitations will be addressed in future validation studies. Further, because of the large number of biomarkers used in the selection process, there is potential risk of identifying significant biomarkers due to chance (false discovery). Given the exploratory nature of this study, the markers identified here can serve as a springboard for future validation studies. More importantly, the results presented in this study indicate the potential of a new platform for head and neck cancer prognosis based on analysis of pattern of serum immunoreactivity against a panel of cancer antigens. This pattern of immunoreactivity was found to be highly reproducible. 25 In addition, serum IgGs are extremely stable, which should minimize interlaboratory variations in the clinical diagnostic setting. Further, the potential to translate this approach into an assay system already widely available in clinical practice, enzyme linked immunosorbent assay, represents a major advantage of this technology. In addition to early detection and prognosis, these biomarkers may also have utility in post-treatment monitoring of HNSCC patients and may even provide new targets for therapeutic interventions or diagnostic imaging in future clinical trials. Because the host immune system can reveal molecular events (overexpression or mutation) critical to the genesis of HNSCC, this novel proteomics technology can also identify genes with mechanistic involvement in the etiology of the disease. 
CONCLUSION
Using Epitomics technology 32, 33 based on a combination of high throughput antigen selection using microarray-based serological profiling and specialized bioinformatics, a panel of 130 biomarkers were previously identified that can provide sufficient accuracy for a Fig. 2 . Kaplan-Meier survival curve for the six biomarkers (10_C3, 6_G11, 10_G12, 9_C2, 5_G4, and 8_G8) found to be independent prognostic markers of overall survival. Increased immunoreactivity to any of these six markers predicts worse survival outcome. Thus, independent of stage or race, the presence of serum antibodies reactive to any of these six biomarkers, as compared with the absence of reactive antibodies, increased the hazard ratio for death in these patients between two-to three-fold. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.] clinically relevant, serum-based cancer detection test based on the pattern of serum Ig binding. From this panel of 130 markers, six biomarkers were identified in this study as potentially promising prognostic biomarkers. The results shown here demonstrate that this technology is capable of identifying both diagnostic and prognostic antigen biomarkers. Further work will need to be done to identify a comprehensive set of independent biomarkers whose predictive power can be combined to facilitate prognostication of HNSCC to improve patient counseling as well as guide choice of therapy.
